1. Ground-water levels at Industrial Excess Landfill and vicinity based on March 1994 waterlevel data 2. Potentiometric contours for the horizon from 1,100 to 1,112 feet above sea level near the Industrial Excess Landfill, Uniontown, Ohio, based on March 1994 water-level data 3. Diagram showing vectors of horizontal hydraulic gradient in the horizon from 1,100 to 1,112 feet above sea level near the Industrial Excess Landfill site, Uniontown, Ohio, based on March 1994 water-level data 
INTRODUCTION
Industrial Excess Landfill (IEL), a Superfund site, is a closed landfill located in a former sand and gravel quarry south of Uniontown, in northeastern Ohio ( fig. 1 ) (U.S. Environmental Protection Agency, 1988b) . The IEL site encompasses about 30 acres in a mixed rural/residential area. During operation from 1966 to 1980, the landfill accepted various municipal, commercial, and industrial wastes, including substantial quantities of chemical and liquid wastes (U.S. Environmental Protection Agency, 1988b) .
In 1989, the U.S. Geological Survey (USGS), by use of data reported in well drillers' logs, examined ground-water levels and flow around Uniontown (Bair and Norris, 1989) . The composite potentiometric-surface maps in the 1989 report are based on waterlevel data that spans 26 years and, thus, include temporal variations in water levels. A recent study investigated conditions only in the immediate vicinity of IEL (U.S. Environmental Protection Agency, 1993) . Discrepancies between the 1989 and 1993 reports indicated a need for a synoptic (short time span) waterlevel study of IEL and the Uniontown area. In March 1994, in cooperation with the U.S. Environmental Protection Agency (USEPA), the USGS and others measured water levels at the site and in the adjacent residential area.
Purpose and Scope
The purpose of this report is to describe ground-water levels and directions of flow at and around the IEL site. These descriptions are based on synoptic water-level measurements made from March 14-18, 1994 . This approach is designed to integrate an interpretation of the local flow system at IEL with that of the regional ground-water-flow system so that potential offsite migration of wastes can be evaluated. The USGS measured water levels in 85 private wells within a 1.75-mi radius of the site. The USGS also measured surface-water levels at 13 staff gages and measured water levels in nine piezometers adjacent to the staff gages to ascertain flow gradients at that time between surface water and ground water. Water levels also were measured in four piezometers that were drilled in March 1994, north and northwest of IEL, to help locate a potential ground-water divide. Personnel from PRC Environmental Management, Inc., and the Ohio Environmental Protection Agency (OEPA) measured water levels in 60 monitoring wells on and adjacent to the site. The water-level measurements were used to construct a series of water-level maps and a plot of horizontal-hydraulic-gradient vectors in the unconsolidated aquifer. These maps show the altitude and configuration of water levels in the regional ground-water-flow system at a scale of 1:24,000 by use of water-level contours with a 10-ft interval; the flow system in the immediate area of IEL is shown at a scale of 1:3,200 by use of water-level contours with a 5-ft interval and at a scale of 1:2,400 by use of a water-level contour with a 2-ft interval. The plot of horizontal-hydraulic-gradient vectors was constructed to help assess offsite flow directions and to locate a potential groundwater divide north of IEL. A potentiometric profile was constructed to aid in visualizing the three-dimensional character of the groundwater-flow system at IEL.
Description of Study Area
The study area ( fig. 1 ) is in the northwestern corner of Lake Township in Stark County but includes a small area of eastern Summit County. Land-surface altitudes in the area range from about 1,090 to 1,220 ft above sea level. The topography of the area is the result of Wisconsinan glaciation. The rolling terrain includes areas of marked, hummocky topography. The tops of these irregularly-shaped knolls may be more than 80 ft higher than the floors of adjacent valleys. Most of the study area is drained by Metzger Ditch ( fig. 1 ). Ponds and poorly drained depressions are common.
The study area is in the glaciated part of the Appalachian Plateaus Physiographic Province. The glacial deposits consist of sands and gravels with some silts and clays. Most private wells obtain water from the sand and gravel deposits or from permeable layers in the underlying bedrock. The bedrock that underlies the glacial deposits in the area consists of the Pottsville Formation of Pennsylvanian age, which is an interbedded sequence of sandstone, siltstone, limestone, and coal. The bedrock surface is irregular because of erosion prior to and during Wisconsinan glaciation. In the study area, relief on the bedrock surface is more than 100 ft (Bair and Norris, 1989, fig. 4 ; U.S. Environmental Protection Agency, 1993, fig. 3-15 ). The presence of buried bedrock valleys causes large variations in the saturated thickness of the overlying glacial deposits. Detailed descriptions of the geology in the area can be found in DeLong and White (1963) and White (1984) .
METHODS OF INVESTIGATION
Only wells completed in the glacial deposits were used to define directions of groundwater flow. Drillers' logs on file at the Ohio Department of Natural Resources (ODNR) were reviewed to locate private wells for potential use in the study. During the synoptic measurement period, the drillers' logs were used to locate the property; if the resident gave permission, the water level in the well was measured.
The water levels were measured by use of either an electric tape or a chalked steel tape. The depth to water was measured from the top of the well casing with an accuracy of +0.01 ft. After a water-level measurement, the landsurface correction (the distance from the land surface to the top of the well casing) was measured. The land-surface correction was subtracted from the water-level measurement to correct the water-level measurement to depth below land surface. Land-surf ace altitudes were determined either from a USGS 7.5-minute topographic map of the North Canton Quadrangle, from the Stark County Engineer's topographic maps, or from surveying the altitude of the top of the well casing. The accuracy of the land-surf ace altitudes is discussed later in the report.
Surface-water altitudes were measured by use of nine staff gages on Metzger Ditch and four staff gages on local ponds. As an aid in understanding the relation between the ground-water and surface-water systems, field personnel measured the depth to water in nine piezometers adjacent to the staff gages. The staff gages and piezometers had been installed during a previous USEPA study (U.S. Environmental Protection Agency, 1993). The altitudes of the staff gages and piezometers were surveyed by USGS personnel.
Four piezometers were installed north and northwest of IEL to help delineate a local ground-water mound that affects patterns of ground-water flow near IEL. The piezometers were installed by USEPA in accordance with location and depth criteria provided by the USGS. The altitudes of the top of casings of these piezometers were surveyed by USGS personnel, and the depth to water was measured. Water levels in monitoring wells at the IEL site were measured by personnel from PRC Environmental Management, Inc., and OEPA. The altitudes of the top of casing of these wells also were surveyed by USGS personnel.
GROUND-WATER LEVELS AND DIRECTIONS OF FLOW
Water levels measured in private wells are listed in table 1. The table column "Well/Land Altitude" provides information on the source of the altitude data used. Land-surface altitudes estimated from the 7.5-minute USGS topographic map, which has a 10-ft contour interval, are accurate to ±5 ft. Land-surface altitudes estimated from the Stark County Engineer's topographic map, which has a 2-ft contour interval, are accurate to ±3 ft (Joe Bandy, Stark County Engineer's office, oral commun., 1994). The altitude of the well casing of selected wells was surveyed. These altitudes are accurate to ±0.05 ft. Water levels measured in the four piezometers and IEL monitoring wells are listed in table 2. Data from the piezometer/staff-gage pairs are listed in table 3. Figure 1 is a water-level contour map of the entire study area constructed at a scale of 1:34,300. Plates 1 and 2 (back of report) also are water-level contour maps, but they cover a smaller area, which focuses on the IEL site, at scales of 1:3,200 and 1:2,400, respectively. Because of the increase in scale, one can use a smaller contour interval for the largerscale maps than for the 1:34,300-scale map. aAltitude is the top of the protective casing, not the top of the well casing. The top of the protective casing is above the top of the well casing; thus, for calculations, the elevation of the top of the well casing was assumed to be 0.5 ft lower. (Saines, 1981) .
The water-level contours on figure 1 represent the regional ground-water-flow system and are believed to closely approximate the configuration of the regional water table, particularly at distance from recharge areas. Generally, regional ground-water flow is from east to west; however, the hummocky topography results in numerous local ground-water mounds and depressions, which represent areas of recharge and discharge, respectively. The ground-water mounds locally alter the regional east-to-west direction of groundwater flow. An example of such a groundwater mound can be seen along Mogadore Avenue, north of State Route 619, in the northeastern section of figure 1. The regional eastto-west ground-water flow around IEL is altered by a ground-water mound north of the IEL site and a smaller mound in the southeastern corner of the site. The ground-water mound, shown in the eastern part of figure 1 by the estimated (dashed) 1,130-and 1,140-ft ground-water contours, is interpreted partly on the basis of topographic contours. Plate 1 is a large scale map that focuses on water levels at IEL and the immediate vicinity. At most of the IEL monitoring-well locations, multiple wells are present at a single location but are completed at different depths. North of IEL is a topographic ridge that extends from Cleveland Avenue northeast for about 1 mi. This ridge is roughly delineated by the 1,150-ft topographic contour ( fig. 1) . IEL is on the southeastern flank of this ridge. The regional topographic setting indicates that this ridge is a local ground-water-recharge area; therefore, the highest water-level altitudes near IEL were expected to be found near this ridge. Private well 11 had the highest water-level altitude at or adjacent to IEL. Water-level altitudes at private well 10 and IEL wells PI5, PI6, and P17 help to define the ground-water mound underlying this ridge. North of IEL, the 1,120-ft ground-water contour closely approximates the trend of this topographic ridge.
A ground-water divide is a plane that separates two distinct areas of flow and can be defined by ridges in the ground-water surface. Because of the radial pattern of flow away from ground-water mounds, a ground-water divide at a mound can be drawn in almost any direction to emphasize different parts of the flow system. North of IEL, the 1,120-ft waterlevel contour represents the edge of a ridge in the ground-water surface. On plate 1, the dashed line marking the ground-water divide extends west through the ground-water mound to emphasize the effect of the ridge and mound on ground-water flow near IEL. At the groundwater ridge, water north of the divide flows northward, and water south of the divide flows southward. On the mound, ground water flows radially away from the highest point.
Ground water flows radially away from the local mound in the southeastern corner of the IEL site; however, ground water flowing north from the IEL mound is diverted east or west, in part, by a zone of relatively higher transmissivity in glacial deposits that fill a preglacial bedrock valley (Bair and Norris, 1989, fig. 4 ; U.S. Environmental Protection Agency, 1993, fig. 3-15) . Ground water flowing westward from the IEL mound is consistent with the east-to-west regional ground-water flow. Much of the eastern and southern components of ground-water flow from IEL are towards Metzger Ditch. A comparison of water-level altitudes at the piezometers/staff gage pairs installed along Metzger Ditch (table 3) indicate that the ditch is a gaining stream. The small mound southwest of IEL and the larger mound due south of Lake Center Street also directs some of the ground-water flow toward Metzger Ditch ( fig. 1) .
As stated before, water-level maps based on data from wells completed at different depths may not realistically represent the ground-water-flow patterns in areas where there are vertical hydraulic gradients. In these areas, a more representative map can be drawn by use of water levels from wells that are completed within a specific horizon in the aquifer. The thickness of a selected horizon must be narrow enough to minimize the effects of the vertical gradient while thick enough to provide sufficient information for interpretation. The altitudes of the top and bottom of a selected horizon are arbitrary. In this report, a horizon from 1,100 to 1,112 ft above sea level was selected for study.
Plate 2 is a potentiometric contour map for this horizon. This horizon was selected because it is beneath the landfill and comparable to the one used in a previous study (U.S. Environmental Protection Agency, 1993). Water levels from wells whose screens are at least 50 percent within this horizon, or water-level data that were adjusted to the 1,107-ft altitude (the middle of the horizon) (table 2), were selected for use on plate 2.
l ln this discussion and hereafter in the report, the term horizon refers to a zone having a defined top and bottom in an aquifer.
The adjusted water-level data were calculated by use of the vertical hydraulic gradient at locations where a monitoring well is screened above the horizon and another well is screened below it. Of the three contour maps in this report, plate 2 is the most accurate portrayal of the ground-water-flow system near IEL. The dashed arrows on plate 2 represent apparent (two-dimensional) directions of flow. As can also be seen on plate 1, ground water flowing northward from IEL is diverted west or east by water flowing southward from the ground-water mound north of IEL.
The hydrologic effect of the large groundwater mound north of IEL can also be shown by use of a map that shows vectors of horizontal hydraulic gradient constructed by the threepoint method. In this method, three points of known water level are used to define a triangular cell in which the vector of horizontal hydraulic gradient for the cell is determined from the known values (Pinder and others, 1981) . Plate 3 (back of report) shows vectors of hydraulic gradient for a part of the area shown in plate 2. Because only water-level data from the 1,100-to 1,112-ft horizon were used to resolve the vectors, the arrows represent vectors of horizontal hydraulic gradient. The orientation of each arrowhead indicates the direction of ground-water flow, and the size of the arrow indicates the relative magnitude of the horizontal hydraulic gradient, as listed in table 4. The cells numbered 3, 4, 5, 6, and 7 show the southerly flow direction off the large ground-water mound north of IEL. Cell 9 shows the northerly ground-water-flow direction from the northern part of the ground-water mound at IEL. The magnitude of the horizontal hydraulic gradients in cells 5, 6, and 7 is greater than that in cell 9 and is directly proportional to the rate of ground-water flow, assuming that the hydraulic conductivity is spatially constant. In table 4, the average linear horizontal flow velocities for each cell in plate 3 are based on an assumed hydraulic gradient of 50 ft/d, estimated from results of slug tests performed at IEL(U.S. Environmental Protection Agency, 1993), and an assumed porosity of 0.3. The velocities range from 0.43 to 6.3 ft/d. The largest velocities are in cells 5 and 6, where flow is southward off the ground-water mound north of IEL. The smallest velocities are in cells 9,11, and 12, on the western edge of IEL property. Actual flow velocities will be slightly higher because vertical hydraulic gradients have not been included in the velocity calculations.
The various water-level maps show the ground-water system in two dimensions only. The three-dimensional character of the flow system is shown by the construction of a potentiometric profile ( fig. 2 ). The line of profile A-A' is shown in plate 1. The profile was constructed from water levels measured at various depths in the glacial deposits to show the vertical-flow components. The relative size of the two ground-water mounds can be seen in figure 2. The mound north of IEL is the larger and controls the flow system north of the site. Flow north from the IEL mound is diverted to the west (out of the profile toward the viewer, fig. 2 ) by the larger mound. The potentiometric profile also shows the upward hydraulic gradient and ground-water discharge to Metzger Ditch.
Within the glacial materials, a zone of relatively high transmissivity underlies the IEL site and extends to the west. The high transmissivity of this zone is a function of the comparatively greater thickness of permeable sand and gravel that fill part of a preglacial bedrock valley that extends westward (Bair and Norris, 1989, fig. 4 ; U.S. Environmental Protection Agency, 1993, fig. 3-15) . It is this zone of relatively high transmissivity that conveys converging ground-water flow from the large ground-water mound to the north of IEL and from the smaller mound at IEL to the west. This effect also can be seen on plates 1 and 2 as a zone of convergent flow (indicated by the converging ground-water-flow arrows on plate 2) in which ground water flows offsite to the west.
SUMMARY
Synoptic ground-water-level data collected near the Industrial Excess Landfill, Uniontown, Ohio, in March 1994 indicate that regional ground-water flow is from east to west. This regional flow pattern is altered by local ground-water mounds, which underlie recharge areas beneath ridges and knolls in the hummocky terrain of the area.
Ground-water flow in the vicinity of IEL is affected by a large ground-water mound north of the site and a smaller ground-water mound in the southeastern corner of IEL. The groundwater mound at IEL causes ground water to flow radially away from the site. Ground-water flowing to the east and south flows toward Metzger Ditch, whereas flow to the west joins the regional ground-water-flow system. Ground-water flow north from IEL is diverted east or west by the southerly component of ground-water flow from the mound north of IEL.
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